Liquid Sloshing in 45 Deg Sector Compartmented Cylindrical Tanks by Abramson, H. N. et al.
i 
' I  
r 0 
I 
/3h 30 
-1 
%QUID SLOSHING IN 4 5 O  SECTOR COMPARTMENTEO 
CYLINDRICAL TANKS 
BY 
H. NORMAN ABRAMSON, WEN-HWA CHU, ond LUIS R. GARZA 
TECHNlCAL REPORT WQb 
CONTRACT NO. NAS8 - 1555 
S W  RI PROdECT NO. 6- 1072-2 
I NOVEMBER 1962 
S O U T H W E S T  R E S E A R C H  I N S T I T U T E  
S A N  A N T O N I O ,  T E X A S  
https://ntrs.nasa.gov/search.jsp?R=19630003754 2020-03-24T06:09:35+00:00Z
S O U T H W E S T  R E S E A R C H  I N S T I T U T E  
8500 Culebra  Road, San Antonio 6,  Texas  
Department  of Mechanical Sciences 
LIQUID SLOSHING IN 45' SECTOR COMPARTMENTED 
CYLINDRICAL TANKS 
by 
H. Norman Abramson,  Wen-Hwa Chu, and Luis  R. G a r z a  
Technical Report No. 3 
Contract  No,  NAS8- 1555 
SwRI P ro jec t  No.  6- 1072-2 
Prepared  fo r  
National Aeronautics and Space Adminis t ra t ion 
Huntsville, Alabama 
George C.  Marshal l  Space Fl ight  Center  
1 November 1962 
APPROVED: 
H, Norman Abramson,  Di rec tor  
Depar tment  of Mechanical Sciences 
INTRODUCTION 
The p resen t  paper  is a continuation of s tudies  of liquid sloshing 
in compartmented cylindrical  tanks (1). 
quencies and total  fo rce  response  r'or a 45O sector  campar tmentea  
tank are  presented  and co r re l a t ed  with theQretica1 frequencies  and 
with similar da ta  f o r  90° sec tor  (quarter)  tanks.  This da ta  shows, 
as in ( l ) ,  the s t rong dependence of liquid natural  f requency on excita- 
tion amplitude and a l a rge  dec rease  in na tura l  frequency with inc reas -  
ing equivalent Reynolds number (based on perforat ion hole s ize) .  The 
experimental  equipment and procedures  a r e  s i m i l a r  to  those employed 
in (1) and (2) .  
Exper imenta l  data  on f re -  
TANK CONFIGURATIONS 
The tank configurations considered h e r e  are  again cyl indrical  
with flat bot toms,  filled with liquid to a depth h , and under a n  axial  
acce le ra t ion  field a The 45O sector  configuration is obtained by 
ve r t i ca l  walls extending f r o m  above the liquid f r e e  sur face  to the 
tank bottom. The sec tor  walls were of t h ree  types:  solid, perforated 
shee t  with 0 .020  in, dia.  holes and 23% open, and per fora ted  shee t  
with 0 .  078  in. dia.  holes and 2370 open. The direct ion of t ranslat ional  
excitation was as shown in F igu re  1. 
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LIQUID NATURAL FREQUENCIES 
The liquid natural  f requencies  in a sec to r  tank of ver tex  angle 
~ O ~ I T  a r e  given (3)  by the r e h t i s n  
where x-. a r e  the nth roots  of 
- 
F o r  m. = 0 ,  the roots  F 
the roots  have been given by Bauer  (3 ) .  
have been given in (4), and for  G = 1, 2, 3 ,  - rn? 
F o r  w\ = 4 through 8,  the roots  
can  be obtained by a Lagrangian inverse interpolation f r o m  the tables  
of (5). A complete tabulation of all of these roots  a r e  given he re  in the 
accompanying table .  The roots k, = 0 ,  4, and 8 apply to  a 45O sec to r  
tank where ,  in the notation of Figure 1, the f requencies  corresponding 
to rn = 0 and 8 occur  in all sec to r s  other than 3 / 7  (line of symmet ry  
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norma l  to the direction of motion),  and the frequencies  corresponding 
to ‘iG = 4 occur  in all s ec to r s  other than 1 / 5  (line of symmet ry  para l le l  
to the direct ion of motion). 
The experimentally determined frequencies  were  found to be  s ig-  
nificantly lower than the theoretical  values ,  a s  was a l so  the c a s e  with 
the qua r t e r  tanks (1). F igure  2 shows the var ia t ion of the lowest 
na tura l  frequency ( GI = 0) ,  in te rms  of the dimensionless pa rame te r  
$:d/m. as a function of excitation amplitude % o / d  . The improve-  
ment  in agreement  between the measured and the calculated frequency 
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i s  quite marked  as the excitation amplitude is dec reased ,  as was 
suggested in (1).  In fact, a brief se r ies  of measu remen t s  with qua r t e r  
tanks showed that  the m e a s u r e d  frequencies a r e  significantly increased  
by reducing the excitation amplitude,  thus bringing the frequency data  
of (1) into a much m o r e  sat isfactory s ta te .  
to be drawn f r o m  these da ta  are,  of cour se ,  that  nonlinearit ies in the 
liquid motion a r e  par t icular ly  evidenced during sloshing in compar t -  
mented tanks and, perhaps even more  important ly ,  the use of corn- 
par tmentat ion to  r a i s e  liquid natural f requencies  m a y  be  considerably 
l e s s  effective than anticipated. The latter will be t rue  for  excitation 
amplitudes of any appreciable  magnitude unless a substant ia l  amount  
of damping a l s o  is introduced to insure that only small amplitude liquid 
motions will occur  
The interest ing conclusions 
Even beyond the preceding considerations compartmented tank 
design is fu r the r  complicated if  weight reduction by use  of per fora ted  
compar tment  wal ls  is envisioned. 
qua r t e r  tank an  investigation of the effects of wall  perforat ion was 
made  in t e r m s  of a n  equivalent Reynolds number (based on perforat ion 
hole s i ze  d, 9 .  Again i t  was found that above some  c r i t i ca l  value of the 
equivalent Reynolds number the liquid na tura l  frequency dec reased  quite 
rapidly,  to  a value,  in fac t ,  approximately that corresponding to  a n  
uncompartmented tank (F igure  3 ) ,  Because  of the l imited data that 
could be obtained readi ly ,  the dependence of the c r i t i ca l  equivalent 
A s  was done previously with the 
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Reynolds number on excitation amplitude, a s  found f o r  the qua r t e r  tank 
in ( l ) ,  could not be established with any cer ta inty;  however,  the general  
behasrior and t rends a r e  cer ta inly s imi la r .  The sca t t e r  of values of the 
frequency at the lower equivalent Reynolds number,  and correspondingly 
in F igu re  3 of ( l ) ,  is the resu l t ,  of course,  of the nonlinearity of liquid 
frequency with exc it a t  i on amp1 itud e di s c us s e d p r  e v io u s 1 y o  
FORCED VIBR4TION RESPONSE 
This  data  is presented in Figures 4 and 5 in t e r m s  of dimensionless 
force  amplitude and phase a s  a function of excitation frequency. The first 
of these  compares  the force  response of both 45O and 90' (quar te r )  sec tor  
tanks having solid walls with that of an uncompartmented tank, fo r  a 
liquid depth of h/J = 1 .  0. 
on fo rce  response by comparison with solid wall data.  
F igure  5 shows the effects of wall perforation 
LIQUID DAMPING 
F o r c e  response data s imi l a r  to that of F igu re  5 can  be employed 
to de te rmine  the effects of wall perforation on liquid damping. 
the data  is somewhat meage r ,  the variation of damping coefficient tS 
with equivalent Reynolds number (based on Perforat ion hole s ize)  has  
the genera l  f o r m  shown in F igure  6. A s  anticipated,  the liquid damping 
is significantly increased  above the c r i t i ca l  value of equivalent Reynolds 
number as a consequence of the increased liquid interchange between 
s e c t o r s .  Although not reported in  ( l ) ,  s imi l a r  data  has  a l so  been ob- 
tained f o r  quar te r  tanks.  
While 
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DISCUSSION 
The r e su l t s  of the present  study have revealed,  m o r e  forceably 
thar, e v e r ,  the complications and numerous interact ions involved with 
liquid sloshing in compartmented tanks. 
natural  f requencies  a r e  strongly dependent upon the magnitude of the 
excitation amplitude,  approaching the theoret ical  values only when 
the excitation is infinitesimal. Perforat ion of s ec to r  walls is a com- 
plicating factor  because of the involved relationships between the liquid 
flow cha rac t e r i s t i c s  (descr ibed in te rms  of an equivalent Reynolds 
number) ,  excitation amplitude , and liquid damping. The des igner  
contemplating the use of compartmentation as a means  of avoiding 
resonances with other sys t em components m u s t  therefore  be  made 
fully aware  of these  other complications and interact ions.  
It is seen  that  the liquid 
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FIGURE I. TANK CONFIGURATION 
-?I-- I€ Y > a 8 I I- 
I I 
I I 
I I I 
I I 
I 
a
 
W
 
a
 
X
 
W
 I 
I
 I 
f I 
0
 
\
 0 
X
 
W
 
0
 
3
 
-I - ‘r a 5 a z 0 l- a ‘r 0 X W 
-8‘ 
1
 
Q
O
 rc) 
3 3 3 2 3 3 =! - 0 0 
Q
 - W v) W -1 0 I z I- U N 0 a a a s W z 0 0 W v) a m a W m 5 3 z v) D J 0 z > w a I- z w -I s E 3 
i
 
-I- 1 :' 
n
 
I
 
o
c
 
8
0
 
BD 
I
 
t
 
a \ 
0
 
Q
) 
N
 
El B 0 
B
 
0
 
B
 
0
 
0
4
 
0
,
 
Q
 
c I
 
-I- 
\ 
\ 
\ 
a
a
a
 
e
+
+
 
Z
t
Z
 
w
w
w
 
1
1
1
 
E
E
E
 
w
w
w
 
a
n
n
 
x
x
x
 
w
w
w
 
I
!
!
 
1
1
i 
141 
N
 
0
 
\
 
v
) 
J
 
-I 
a
 
3
 
D
 
W
 
I- 
a
 
U
 
W
 
Q
 
I
 
k
 
v
) 
Y
 
z
 
a
 
B - 3 2 U 0 I- O W v) e U b e 2 W v) z v) W W O a a e s e J d a (3 W 3 LL 
0
 
x 
3
 
L
 
W
 
v
)
 
W
 
J
 
0
 
I
 
2
 
l- N 
0
 
a
 
a
 
a
 
2 w a z 0 0 W v) a m a W m r 3 2 cn -1 0 z > W (L + 2 W -1 a 2 8 3 
2 ‘A
3N
3flO
3W
 
lN
W
N
O
S
3U
 lS
3
M
0
1
 1
W
 3fllW
A
 SN
IdLN
VC
l 
